Recent detection of gravitational wave from nine black hole merger events and one neutron star merger event by LIGO and VIRGO shed a new light in the field of astrophysics. On the other hand, in the past decade, a few super-Chandrasekhar white dwarf candidates have been inferred through the peak luminosity of the light-curves of a few peculiar type Ia supernovae, though there is no direct detection of these objects so far. Similarly, a number of neutron stars with mass > 2M have also been observed. Continuous gravitational wave can be one of the alternate ways to detect these compact objects directly. It was already argued that magnetic field is one of the prominent physics to form super-Chandrasekhar white dwarfs and massive neutron stars. If such compact objects are rotating with certain angular frequency, provided their magnetic field and rotation axes are not aligned, then they can efficiently emit gravitational radiation and these gravitational waves can be detected by some of the upcoming detectors, e.g. LISA, BBO, DECIGO, Einstein Telescope etc. This will certainly be a direct detection of rotating magnetized white dwarfs as well as massive neutron stars.
INTRODUCTION
Over the past 100 years, Einstein's theory of relativity is the most efficient theory to understand theory of gravity. It can easily explain the physics of strong gravity around various compact sources such as black holes, neutron stars, white dwarfs etc. Moreover, general theory of relativity is the backbone to understand the various eras of cosmology after the big-bang. This theory has already been well tested through various experiments ranging from deflection of light rays in strong gravity, perihelion precession of Mercury, gravitational red-shift of light etc. More recently, its another important consequence has been confirmed through the detection of the gravitational wave by LIGO. Gravitational wave is the ripple in spacetime, formed due to distortion in the curvature of the spacetime and propagates at the speed of light (Misner et al. 1973) . The event of two black hole mergers, named as GW150914, was the first to confirm directly the existence of gravitational wave (Abbott et al. 2016b) . This is the event in which two black holes of masses ∼ 35.4M and ∼ 29.8M merge together to form a bigger black hole of surajitk@iisc.ac.in bm@iisc.ac.in mass ∼ 62.2M . Thereafter, 9 more such events have been observed which confirm the existence of gravitational wave (Abbott et al. 2016a (Abbott et al. , 2017a ; The LIGO Scientific Collaboration & The Virgo Collaboration 2018). Among them, the event GW170817 confirms the merger of two neutron stars to form a stellar mass black hole (Abbott et al. 2017d ).
Gravitational wave is emitted if the system has a non-zero quadrupole moment (Misner et al. 1973) . The binary systems of all the above-mentioned events, which were detected by LIGO/VIRGO, possess non-zero quadrupole moment during the period of the merger. However, single spinning massive objects may also be able to emit gravitational wave, provided the object should have a non-zero quadrupole moment. This type of gravitational wave is known as the continuous gravitational wave because it is continuously emitted at certain frequency and amplitude (Zimmermann & Szedenits 1979) . Different possibilities of generation of continuous gravitational wave have already been proposed in various literature, such as, sources with breaking of axisymmetry through misalignment of magnetic field and rotation axes (Bonazzola & Gourgoulhon 1996; Jones & Andersson 2002; Franzon & Schramm 2017; Mukhopadhyay et al. 2017) , presence of mountains at the stellar surface (Sedrakian et al. 2005; Haskell et al. 2008; Horowitz & Kadau 2009; Gualtieri et al. 2011; Glampedakis & Gualtieri 2018) , accreting neu-tron stars (Bildsten 1998; Ushomirsky et al. 2000; Watts et al. 2008) etc. One may find more on continuous gravitational wave in the recent review by Riles (2017) . In this paper, we show that continuous gravitational wave can be emitted from rotating magnetized white dwarfs, namely B-WDs and will possibly be detected by the upcoming gravitational wave detectors such as LISA, DECIGO, BBO etc. We also argue that white dwarfs in a binary system emit much stronger gravitational wave which can also be detected by these detectors, but at a different frequency range. Moreover, we show that strong gravitational radiation can be emitted from rotating magnetized neutron stars, namely B-NSs, which can be in fact detected by Einstein telescope (ET). Eventually we argue how to constrain magnetic field of white dwarfs/neutron stars from gravitational wave detection.
A white dwarf is the end state of a star with mass 8M . In a white dwarf, the inward gravitational force is balanced by the force due to outward electron degeneracy pressure. If a white dwarf has a binary partner, it starts pulling matter out from the partner due to its high gravity resulting in the increase of mass of the white dwarf. When it gains sufficient amount of matter, beyond a certain mass, known as Chandrasekhar mass limit: currently accepted value ∼ 1.4M for a carbon-oxygen non-magnetized and non-rotating white dwarf (Chandrasekhar 1931) , this pressure balance is no longer sustained and it burns out to produce type Ia supernova (SNeIa) with extremely high luminosity. Nevertheless, recent observations have suggested several peculiar overluminous SNeIa (Howell et al. 2006; Scalzo et al. 2010) , which are believed to be originating from white dwarfs of super-Chandrasekhar mass as high as 2.8M . Ostriker and his collaborators first showed that rotation (and also magnetic field) of the white dwarf can lead to the violation of the Chandrasekhar mass limit (Ostriker & Hartwick 1968) , but they could not reveal any limiting mass. More recently, magnetic field (Das & Mukhopadhyay 2013 , 2015a Subramanian & Mukhopadhyay 2015) , modified theories of gravity (Das & Mukhopadhyay 2015b; Kalita & Mukhopadhyay 2018; Carvalho et al. 2017) , generalized Heisenberg uncertainty principle (Ong 2018) etc. have been proposed as some of the prominent possibilities to explain super-Chandrasekhar white dwarfs and also corresponding limiting mass. Moreover, in case of neutron stars, which are the end state of stars with masses between 8M < M 20M , a few observations suggest that it may have mass > 2M (Linares et al. 2018; van Kerkwijk et al. 2011) . These high mass neutron stars are also inferred to be formed due to magnetic field as well as rotation (Pili et al. 2014) .
In this paper, we show that if the rotation and the magnetic field axes are not aligned to each other, rotating B-WDs and B-NSs can be prominent sources for generation of continuous gravitational wave which can be detected by LISA, DE-CIGO, BBO, ET etc. In section 2, we illustrate the model of the compact object which we consider to solve the problem. Subsequently in section 3, we discuss our results for B-WDs and B-NSs considering various central densities and magnetic field geometries with the change of angular frequency. We also show that a system of white dwarfs including B-WD and its binary companion, having a non-zero quadrupole moment, generates significant gravitational radiation. In section 4, we compare the luminosity due to gravitational radiation from the electromagnetic counterpart of these magnetized objects. Finally we end with conclusions in section 5.
MODEL OF THE COMPACT OBJECT
It has already been shown that for an axially symmetric body, to emit gravitational wave, the rotation axis and the magnetic field axis should not be aligned to each other (Bonazzola & Gourgoulhon 1996) . In other words, there must be a non-zero angle between the body's symmetric axis and the rotation axis. For an axisymmetric star with I xx , I yy , I zz being the principal moments of inertia of the object about its three principal axes (x−, y−, z−axes) with I xx = I yy , situated at a distance d from us, the dimensionless amplitudes of the two polarizations of the gravitational wave are given by (Bonazzola & Gourgoulhon 1996; Zimmermann & Szedenits 1979) h + = h 0 sin χ 1 2 cos i sin i cos χ cos Ωt − 1 + cos 2 i 2 sin χ cos 2Ωt ,
with
where Q z z is the quadrupole moment of the distorted star, Ω is the rotational frequency of the star, χ the angle between the rotation axis and the body's third principle axis z, i the angle between the rotation axis of the object and our line of sight, G is Newton's gravitation constant and c is the speed of light. It is evident that if χ is small, the emission at frequency Ω is dominated. On the other hand, for large χ, the emission at frequency 2Ω will be prominent. In general, both the frequencies will be present in the radiation. If the moments of inertia of an object about its three principle axes are known, then moment of inertia about any arbitrary axis n can be calculated as body. For an axially symmetric body, I xy = I xz = I yz = 0 and I xx = I yy , which reduces the above formula to I nn = I xx cos 2 α + I xx cos 2 β + I zz cos 2 γ.
Note that the moment of inertia is given by (Bonazzola & Gourgoulhon 1996) 
where ρ(x) is the density of the star at a distance of x from the center. Das & Mukhopadhyay (2015a) and Subramanian & Mukhopadhyay (2015) showed that toroidal magnetic field makes the white dwarf prolate, whereas poloidal magnetic field as well as rotation deforms it to an oblate shape. In Figure 1 , a cartoon diagram of white dwarf/neutron star is depicted such that the magnetic field is along z-axis. and the star is rotating about the z -axis which is at an angle χ with respect to z-axis. Hence, from the Figure 1, using equation (4), the moment of inertia about x −, y −, z −axes are given by I x x = I xx cos 2 χ + I zz sin 2 χ, I y y = I yy ,
Moreover, the relation between the quadrupole moment Q i j and moment of inertia I i j is given by
where δ i j is the Kronecker delta and I kk = I xx + I yy + I zz . Therefore, in primed frame,
Substituting this relation together with equations (5) in equation (2), we have
where ε = (I zz − I xx )/I xx is the ellipticity of the body. The detailed derivation of this formula is explicitly shown in appendix A. As χ → 0 (but = 0, otherwise no gravitational radiation), it reduces to
which is exactly the same as given in equation (25) of Bonazzola & Gourgoulhon (1996) . To calculate the above-mentioned quantities such as I xx , I zz etc., we use the XNS code, a numerical code to study the structure of neutron stars primarily 1 , but later appropriately modified for white dwarfs. Since the code implicitly assumes χ to be zero or does not include information about χ, we make small angle approximation to overcome this limitation, i.e. χ is close to zero, which implies that we can use equation (9) effectively. Since χ is small, radiation at the frequency Ω is dominated, as we have discussed above. Moreover, the amplitude of h + and h × in equation (1) will be suppressed by the other factors present therein. For instance, at χ = 3
• , max sin χ 1 2 cos i sin i cos χ cos Ωt − 1 + cos 2 i 2 sin χ cos 2Ωt = 0.0110297 for t = 0 and i = i max 46.5 • . Hence maximum amplitude received by the detector at χ = 3
• is h = 0.0110297h 0 , which we consider for further calculations.
While estimating the structure of compact objects in the XNS code, we choose the number of grid points in radial and polar directions to be N r = 500 and N θ = 100 respectively. The value of R max is chosen in such a way that it is always larger than the radius of the compact object. Moreover, since XNS code runs only when the equation of state is given in P = Kρ Γ form with P being the pressure and ρ the density, we choose Γ = 4/3 for high central density white dwarfs, ρ c ≥ 10 8 g/cc and K = (1/8)(3/π) 1/3 hc/(µ e m H ) 4/3 , where h is the Planck's constant, µ e mean molecular weight per electron and m H mass of the hydrogen atom; whereas for low ρ c ≤ 10 6 g/cc, we consider γ = 5/3 and accordingly
5/3 ) with m e being the mass of an electron (Choudhuri 2010 ). This choice is approximately true without compromising any major physics, as shown earlier (Das & Mukhopadhyay 2015a ), e.g. it reproduces Chandrasekhar limit. For in between ρ c , there is no well-fitted polytropic index to be considered. We choose maximum ρ c = 2.2 × 10 10 g/cc for white dwarfs, because above that ρ c , the non-magnetized and non-rotating white dwarfs and the corresponding mass-radius relation, according to TOV equation solutions, become unstable. Further, we assume the distance between the white dwarf and the detector to be 100 pc (1pc ≈ 3.086 × 10 13 km) and that of neutron star and detector to be 10 kpc. Moreover, in case of neutron star, since we need a parametric equation of state, we use the parameters according to Pili et al. (2014) .
GRAVITATIONAL WAVE AMPLITUDE FROM VARIOUS COMPACT SOURCES
We consider purely toroidal and purely poloidal magnetic field cases 2 separately for both B-WDs and B-NSs. We explore the variation of h 0 with the change of different quantities such as central density, rotation, magnetic field etc. Moreover, we estimate h 0 if the white dwarfs are in a binary system. Subsequently, we display these estimated values of h 0 along with the sensitivity curves of different detectors.
White dwarfs in purely toroidal magnetic field
It was already shown that purely toroidal magnetic field not only makes the star prolate (Cutler 2002; Ioka & Sasaki 2004; Kiuchi & Yoshida 2008; Das & Mukhopadhyay 2015a; Subramanian & Mukhopadhyay 2015) , but also increases its equatorial radius. It is observed that the deformation at the core is more prominent than the outer region. Nevertheless, rotation of a star makes it oblate and hence there is always a competition between these two opposing effects to decide whether the star will be an overall oblate or a prolate. We have shown in Figure 2 two typical cases for toroidal magnetic field configuration combined with the rotation. Figure 2(a) shows the density contour with the uniform angular frequency Ω = 0.0628 rad/s with kinetic to gravitational energy ratio, KE/GE ∼ 3.58 × 10 −6 . Since, the angular frequency is small, it does not effect the star considerably, resulting a prolate star. On the other hand, Figure 2 (b) illustrates a star with angular frequency Ω = 3.6537 rad/s with KE/GE ∼ 1.33 × 10 −2 , and due to this high angular velocity, the low density region is affected by the rotation significantly than the high density region, resulting an overall oblate shaped white dwarf. Here in both the cases, ρ c ∼ 2.2 × 10 10 g/cc, magnetic field at the center of the white dwarf B max ∼ 2.7 × 10 14 G. Indeed, a few white dwarfs are observed with the surface magnetic field ∼ 10 9 G (Heyl 2000; Vanlandingham et al. 2005; Brinkworth et al. 2013) , hence central field might be much larger than 10 9 G. In fact, it has already been argued in the literature that the central field could be as large as 10 14 − 10 15 G (Franzon & Schramm 2015; Shah & Sebastian 2017) . Hence, a white dwarf with B max considered here might have surface field 10 9 G, which observed data have already confirmed. As a result, magnetic to gravitational energy ratio, ME/GE ∼ 0.1. The surface of a white dwarf is determined, when the density decreases at least up to 7 − 8 orders in magnitude compared to its central density, i.e. ρ c ∼ 10 7−8 ρ surf (ideally zero), where ρ surf is the density at the surface. The bar-code, showing the density of white dwarf at different radius, are displayed in log scale in the units of 10 10 g/cc. The typical isocontours of magnetic field strength are shown in Figure 3 . It is confirmed herein that the surface magnetic field can decrease up to ∼ 10 9 G even if the central field ∼ 10 14 G. However, gravitational wave (GW) astronomy may also help in identifying magnetized white dwarfs with surface fields higher than 10 9 G, as argued below also. Table 1 shows different h 0 for various ρ c . In the table, M represents the mass of compact object, R E the equatorial radius, R P the polar radius and ν the linear frequency defined as ν = Ω/2π. It is observed that for a given ρ c , h 0 increases with the increase in rotation because h 0 ∝ Ω 2 . Moreover, if we compare two different central density cases with rotation being fixed, it is observed that h 0 is larger for smaller ρ c white dwarf. This is because the radius of the star is larger for lower central density and hence moment of inertia increases. Since h 0 ∝ εI xx , the value of h 0 increases for smaller ρ c white dwarf. However, it may not be true always, as the smaller white dwarfs can rotate much faster and the above-mentioned argument is true only if the white dwarfs have same angular frequency. Therefore, combining optimally rotation and size (and density) of the white dwarf, h 0 is calculated. For all the cases, ME/GE as well as KE/GE are so chosen that it assures the star is in stable equilibrium (Komatsu et al. 1989; Braithwaite 2009 ). It is noticed that h 0 increases as ME/GE increases because as the magnetic field strength in the star increases, it deviates more from spherical geometry, resulting in higher quadrupole moment. From the table, it is also clear that highly magnetized white dwarfs are indeed superChandrasekhar candidates.
White dwarfs in purely poloidal magnetic field
A similar exploration is carried out for uniformly rotating white dwarfs with purely poloidal magnetic field. It was already discussed (Ioka & Sasaki 2004; Das & Mukhopadhyay 2015a; Subramanian & Mukhopadhyay 2015) that purely poloidal magnetic field as well as rotation both make the star oblate. Hence for stable maximally deformed white dwarfs, resulting from both these effects, we have to precisely adjust the value of magnetic field and rotation. Figure 4 illustrates a typical case for this configuration. Here ρ c ∼ 10 8 g/cc, Ω ∼ 0.314 rad/s, B max ∼ 1.09 × 10 13 G, ME/GE ∼ 0.072 and KE/GE ∼ 0.017. Table 2 shows different values of h 0 with the change of central density and angular frequency. The isocontours of poloidal magnetic field strength are shown in Figure 5 . It is evident that the surface field need not be very low if the central field is high enough, unlike for the case of the toroidal magnetic field, according to XNS code. In reality, since the stable white dwarfs are expected to suffice the mixture of toroidal and poloidal magnetic fields, depending on their relative strengths, the surface field can have smaller to larger values for strong central magnetic field. Although it is not known whether a white dwarf possesses and/or sustains differential rotation or not, we explore h 0 considering differential rotation too. A detailed discussion about differentially rotating white dwarfs is given in Subramanian & Mukhopadhyay (2015) . We assume differential rotation together with purely toroidal and poloidal magnetic field cases separately. From Figure 6 , it is well noted that 'polar hollow' structure can be formed in the cases of differential rotation regardless of the geometry of the magnetic field. Tables 3 and 4 show different h 0 for differentially rotating white dwarfs with purely toroidal and purely poloidal magnetic field respectively for ρ c = 2.2 × 10 10 g/cc. In the tables, Ω c is the angular frequency at the center and Ω is the angular frequency at the surface. All the values of h 0 presented in Tables 1 -4 are displayed  in Figures 7 and 8 along-with the various sensitivity curves  of different detectors 3 . From the figures, it is well understood that larger the angle χ be, stronger is the gravitational radiation. It is also noticed that many of them can easily be detected by DECIGO, BBO and ALIA, whereas hardly any of them can be detected by LISA and eLISA directly. However, it is noticed that the highly magnetized white dwarfs can be detected by 1 year integration curve of LISA. Since the equatorial radius of the white dwarf increases with rotation, there is very little possibility of having any point above 1Hz frequency and hence it is hard to detect them by Einstein telescope.
White dwarfs in a binary system
We explore the strength of the gravitational radiation if the white dwarfs including B-WDs have a binary companion. For simplicity, we assume that this binary companion is also another white dwarf. For such a system, the dimensionless amplitude of the polarization is given by (Roelofs et al. 2006; Jennrich et al. 1997) h = 2.84 × 10 
where m 1 and m 2 are masses of the component white dwarfs. Moreover, the frequency of the gravitational wave ( f ) is double the orbital frequency ( f orb ), i.e. f = 2 f orb . In our calculation, we choose d = 100 pc and i = 0 • . We assume various orbital periods for different combinations of the white dwarfs based on previous literature (Roelofs et al. 2010; Heyl 2000; Brown et al. 2011; Kupfer et al. 2018) . We choose the masses of the white dwarfs including B-WDs in the range 0.5 − 2M and vary orbital period from 5 − 200 mins. The values of h 0 for these combinations are shown in Figures 7 and 8 . From this figure, it is clear that the strength of gravitational radiation from these binary systems is much higher than the strength of isolated rotating B-WDs. However, it is also evident from the figure that the frequency range for these systems is different from that of rotating B-WDs. Hence the detection of isolated rotating B-WDs and white dwarfs in binary systems, are clearly distinguishable from each other, if their respective distances are known. Indeed, distances of many white dwarfs are known independently (Patterson 1994; Anselowitz et al. 1999; Heyl 2000) . In fact, we propose that based on h 0 and ν at which it is detected, B-WDs can be identified in GW astronomy. For example, if h for a source is detected by 1 year integration curve of LISA, but not by LISA or eLISA directly, we can consider the source to be a B-WD.
Magnetized uniformly rotating neutron stars
We explore the generation of continuous gravitational wave from uniformly rotating B-NSs too. Being smaller in size, neutron stars can rotate much faster than the white dwarfs and hence we choose the frequency in the range 1 − 500 Hz depending on its central density. We choose purely toroidal and purely poloidal magnetic field cases separately as we have considered for the white dwarfs. Moreover, we consider two different cases of ME/GE for each of the magnetic field geometry assuring stability (Braithwaite 2009 ), which shows that neutron stars with high magnetic field emit stronger gravitational radiation than those having low magnetic field. The values of h 0 vs. ν for B-NSs have been shown in Figure 9 . For all the cases, we assume the distance of the neutron star from the detector to be 10 kpc. The values of h 0 in case of neutron stars, are tabulated in Tables 5  and 6 . For neutron stars with toroidal magnetic field, we vary ρ c from 10 14 g/cc to 2 × 10 15 g/cc. However, XNS code could not handle poloidal magnetic field with rotation for high ρ c until recently (A. Pili, private communication) and hence we choose only two values of ρ c = 10 14 g/cc and 2 × 10 14 g/cc in case of purely poloidal uniformly rotating neutron stars.
Interestingly, there is no detection of continuous gravitational wave from neutron stars in LIGO so far and it is well in accordance with Figure 9 . If any of them is detected in future by aLIGO, aVIRGO, Einstein Telescope, Cosmic Explorer etc., depending on its distance from the earth, then we can make a prediction of the magnetic field in neutron stars. Nevertheless, a highly spinning neutron star with strong field would not sustain longer due to their efficient spin-down luminosity. Hence, practically they are difficult to detect, unless captured at the very birth stage (Dall'Osso et al. 2018 ).
Since the B-WDs considered here have magnetic field and rotation both, they may behave as a rotating dipole. Therefore, they possess luminosity due to dipole radiation alongwith gravitational radiation which is quadrupolar in nature. In other words, B-WDs have electromagnetic counterparts. The luminosity due to gravitational radiation is given by (Ryder 2009)
where R is the average radius of B-WDs. Assuming Newtonian limit and validity of Kepler's third law GM R 2 ∼ Ω 2 R, the above formula reduces to
On the other hand, the luminosity due to electromagnetic dipole radiation is given by (Mukhopadhyay & Rao 2016 )
where m is the magnetic dipole moment, which is related to the surface magnetic field as
Moreover, if the body has a rotational period P which is expected to be changing with time asṖ, then
Therefore, the luminosity due to dipole radiation reduces to Table 7 shows L GW and L EM for a few typical cases for white dwarfs, assumingṖ = 10 −15 Hz s −1 . It is found that the luminosity ranges for electromagnetic and gravitational radiations are different from each other. This will be another unique way of separating B-WDs from regular white dwarfs. While regular non-magnetized or weakly magnetized white dwarfs do not have any electromagnetic counterparts, L EM for BWDs could be 10 30 ergs s −1 , as given in Table 7 , which are already observed in many magnetized compact sources including white dwarfs (Marsh et al. 2016; Rea et al. 2013; Dib & Kaspi 2014; Scholz et al. 2014; Mukhopadhyay & Rao 2016) . Nevertheless, with increasingṖ, L EM as well as B s increase. Hence, in some cases, B s may turn out to be well above 10 9 G, above the current inferred/detected maximum B s of white dwarfs. Therefore, GW astronomy may be quite useful to identify or rule out such predicted B-WDs.
CONCLUSIONS
After the discovery of gravitational wave from the merger events, the search for continuous gravitational wave has been a great interest in the scientific community. Undoubtedly, compact sources like neutron stars and white dwarfs are good Poloidal (uniform , low ME/GE) Toroidal (uniform , low ME/GE) Poloidal (differntial ) Poloidal (uniform , high ME/GE) Toroidal (uniform , high ME/GE) Toroidal (differntial ) B-WDs in binary system Poloidal (uniform , low ME/GE) Toroidal (uniform , low ME/GE) Poloidal (differntial ) Poloidal (uniform , high ME/GE) Toroidal (uniform , high ME/GE) Toroidal (differntial ) B-WDs in binary system Toroidal (uniform , high ME/GE) Toroidal (uniform , low ME/GE) Poloidal (uniform , high ME/GE) Poloidal (uniform , low ME/GE) Figure 9 . Same as Figure 7 , except here the strength of radiation for neutron stars is shown, as given in Tables 6 and 5 . Here also h = 0.0110297h0 with χ = 3 • .
candidates for this purpose. Due to smaller size of the neutron stars, they can rotate much faster than the white dwarfs, resulting in generation of stronger gravitation radiation and may be detected by aLIGO, aVIRGO, Einstein Telescope etc. On the other hand, although white dwarfs are bigger in size and cannot rotate as fast as neutron stars, yet they can also emit significant amount of gravitational radiation, provided they possess non-zero quadrupole moment. White dwarfs are usually nearer to the earth and h 0 ∝ 1/d, hence the strength will be higher. Moreover, because of the bigger size of the white dwarf, its moment of inertia is higher compared to that of neutron star as both of them possess similar mass; and since h 0 ∝ εI xx , the strength could also be higher. We argue that, in future, these highly magnetized rotating white dwarfs, namely B-WDs, can prominently be detected by LISA, eLISA, ALIA, DECIGO and BBO detectors. The inference of super-Chandrasekhar white dwarfs has been a great astrophysical observation in the past decade. However, it has, so far, only been detected indirectly from the lightcurve of over-luminous peculiar type Ia supernovae. As we have discussed in section 1, many theories have been proposed to explain the violation of Chandrasekhar mass-limit. The detection of continuous gravitational wave from white dwarfs or B-WDs will confirm these objects directly. We have used the XNS code to determine the structure of white dwarfs as well as neutron stars. Although XNS code has a couple of limitations such as it has a requirement to supply the equation of state in a polytropic form and it implicitly assumes the angle between the rotation and magnetic field axes to be zero, we overcome these shortcomings with the following assumptions. First, we supply the polytropic equation of state in such a way that it almost represents the actual mass-radius relation of the compact objects. Second, if the magnetic field and rotation axes are aligned to each other, the object does not radiate any gravitational radiation and, hence, we throughout assume small angle approximation to avoid the ambiguity in the structure of the object. However, had we run an efficient code with appropriately chosen χ, we would have been able to generate gravitational wave with much higher strength as the strength monotonically increases with the angle χ and it becomes maximum at χ = 90
• .
APPENDIX A. DERIVATION OF THE AMPLITUDE OF GW
The gravitational wave amplitude h 0 is given by equation (2), which is
Substituting equations (5) and (7) in the above equation, we obtain
Here we use I xx = I yy , as the object is symmetric about z−axis and define ε = (I zz − I xx )/I xx . Table 1 . Uniformly rotating white dwarf with toroidal magnetic field (d = 100 pc) with χ = 3
• . Here Bmax is the maximum magnetic field close to the center of white dwarf, when surface field could be much smaller. Table 2 . Uniformly rotating white dwarf with poloidal magnetic field (d = 100 pc) with χ = 3
• . Here Bmax is the maximum magnetic field at the center of white dwarf, when surface field could be much smaller. Table 3 . Differentially rotating white dwarf with toroidal magnetic field, ρc = 2.2 × 10 10 g/cc.
Here Ω = Ωs, the angular frequency at the surface and d = 100 pc with χ = 3
• . Bmax is the maximum magnetic field close to the center of white dwarf, when surface field could be much smaller. Table 4 . Differentially rotating white dwarf with poloidal magnetic field, ρc = 2.2 × 10 10 g/cc.
• . Bmax is the maximum magnetic field at the center of white dwarf, when surface field could be much smaller. 1.14 × 10 
